Advanced imaging of the foot has improved our ability to evaluate the possibility of osteomyelitis. However, the ability of imaging to detect the presence of osteomyelitis does not necessarily mean that it should be used on a regular basis. Indeed, our opinion is that it is of marginal value in most patients. This is because the value of a diagnostic modality depends not only on what one needs to know but also on when one needs to know it and the level of diagnostic certainty required. Such considerations have become increasingly important in the current climate of concern over healthcare costs and the appropriate use of technology.
The infected, or potentially infected, diabetic foot can be a difficult management problem. Peripheral neuropathy can diminish symptoms and thus mask the severity of the disease. Patients often present with visible evidence of soft tissue infection-either ulcers or cellulitis. The presence of osteomyelitis complicates treatment and may decrease the probability of a successful outcome. Helpful clinical features that increase the probability of osteomyelitis are an ulcer with a cross-sectional area greater than 2 cm 2 , extending down to bone, and an ESR >70 mm/hour [1] . In addition, palpation of bone in the depths of infected pedal ulcers is strongly correlated with the presence of osteomyelitis. If bone is palpated on probing, specialized imaging tests to diagnose osteomyelitis may be unnecessary [2] .
Diagnostic imaging would add value if it provided increased assurance that osteomyelitis was or was not present but only if it resulted in action that otherwise would not have been taken. For example, in some diabetic patients, vascular compromise of the foot can be so severe that it overrides all other treatment considerations, making detection of osteomyelitis irrelevant. The diagnostic value of various imaging studies in diabetic foot infections has been reviewed extensively [3] [4] [5] [6] . The attention that this subject has received in the literature reflects both the importance of the problem and the lack of consensus about how it should be handled.
It is generally accepted that radiography has poor sensitivity to the early stages of osteomyelitis [3, 7, 8] . In extreme cases, bone infection can precede radiological changes by up to 4 weeks, although in most instances changes are seen in a couple of weeks. Serial radiographs can be very persuasive if they demonstrate progressive changes of bone resorption, cortical destruction, and periosteal elevation. We are not aware of any formal evaluations of the role of serial radiographs in the diagnosis of osteomyelitis.
In addition, radiographic interpretation may be complicated by other clinical conditions often found in diabetic patients including both gout and Charcot osteoarthropathy [9] . The limitations of radiography have led to a search for other imaging techniques. One of the first and still most commonly used techniques is the radionuclide bone scan. However, severe vascular compromise may impair the usefulness of any diagnostic tests that depend upon blood flow, including both isotope scans and contrast-enhanced magnetic resonance imaging (MRI) [10, 11] .
The sensitivity of a 3-(or 4) phase bisphosphonatelinked technetium bone scan is certainly greater than that of radiography in early osteomyelitis. In 1995, Eckman et al. [4] calculated a weighted average for diagnostic sensitivity for published studies of 86%; more recent studies report values from 50% [7] to 83% [8] . Specificity, however, is poor [7, 8] (averaging 50%) because almost any type of bone disorder (including neuroarthropathy and healing osteomyelitis) can cause increased isotope uptake on a bone scan. For this reason, some authorities have concluded that positive technetium bone scans do not increase the probability of disease very much and negative ones do not decrease it very much, and therefore, this modality should be used infrequently [12] .
Other radionuclide imaging agents-for example, scans that use white blood cells (labeled autologous leukocytes), labeled immunoglobulin, or other infection-specific radiopharmaceuticals-are more specific than the technetium bone scan [6, 13, 14] . The sensitivity of these tests can be limited in some situations [7] . They can be helpful in distinguishing osteomyelitis from soft tissue infection or Charcot-type changes [15] . However, they lack spatial resolution, are expensive and technically demanding, and should be viewed as special-purpose problem solving tools rather than either first or second line modalities.
Positron emission tomography (PET) imaging has shown promise. One authority believes that PET has the highest overall accuracy [16] . However, it is among the most expensive of the diagnostic modalities, and availability, although rapidly increasing, is still limited. In addition, new modalities tend to be enthusiastically received, with subsequent studies revealing deficiencies. At least one recent publication did not find the quality of the PET data sufficiently persuasive to draw conclusions [17] .
Most clinicians agree that MRI is the most useful of the newer clinical imaging tools. The characteristic MRI changes of early osteomyelitis are caused by marrow edema associated with inflammation. These features result in low signal on T1-weighted images, high signal intensity on T2-weighted images, and contrast (gadolinium) enhancement. They may occur before there is bone destruction and account for the increased sensitivity of MRI compared to radiographic techniques [radiography or computed tomography (CT)]. Diagnostic sensitivity for osteomyelitis has generally been reported to be 90-100% [4, 7, 8, 18] .
Specificity is more problematic if marrow edema is used as the primary diagnostic criterion. Many conditions other than osteomyelitis may cause marrow edema, including "overuse syndromes" [19, 20] , gout, and neuropathic osteoarthropathy [18] . Most importantly, inflammation of adjacent soft tissue due to cellulitis or ulcer may result in edema of the adjacent bone. As a result, some studies have shown overall MRI specificity to be as low as 60% [16] and even lower in some anatomical locations and in the presence of Charcot Arthropathy [21] .
It has been suggested that the pattern of marrow edema can be used to distinguish between reactive marrow changes and infections. Osteomyelitis was said to be clinically present when there was confluent, geographic T1 signal decrease in concordance with T2 changes and T1 contrast enhancement, but not when the T1 signal was hazy-reticulated (edema) or subcortical (reactive), regardless of T2 pattern or enhancement. This emphasizes the importance of morphological features rather than signal Reproduced from reference [12] with the publisher's permission a Using all-studies estimate, which was lower than that calculated from studies that also had technetium Tc 99m data. The 90% sensitivity and 82.5% specificity translate to a positive likelihood ratio of 5.1 and a negative likelihood ratio of 0.12 b Using a higher sensitivity threshold of 95%, which decreases the negative likelihood ratio to 0.32; the specificity at this threshold is 16% and the positive likelihood ratio is 1.13 characteristics in identifying osteomyelitis and introduces an undesirable subjective element [22] . The role of contrast enhancement is unclear. Some authorities believe that contrast enhancement is "extremely useful" [23] . Unfortunately, contrast is contraindicated in diabetic patients with renal impairment due to the risk of systemic fibrosis. In addition, tissue devitalized by ischemia may show confusing patterns of contrast uptake, and neuroarthropathy may closely mimic osteomyelitis [23] . Therefore, interpretation of MRI scans is subject to numerous caveats. Some of these may arise from the fact that the trials to evaluate the role of imaging tend to have extraordinarily high prevalence of disease. Most studies of the diagnostic usefulness of imaging for osteomyelitis have been performed in patients selected on the grounds of clinical suspicion, resulting in major selection bias [24] . One analysis of 17 publications selected for overall quality reported an average pre-test probability of disease of 55% [12] ! This type of selection bias tends to overvalue a diagnostic test. Because of this, published positive and negative predictive values as high as 93% and 100% should be viewed with some skepticism [8] . In the context of a 50% pre-test probability of disease and accepting the published sensitivity and specificity of MRI, a positive examination would increase the probability of osteomyelitis to 84%, but with a pre-test probability of only 10%, a positive MRI increases the probability of disease to 36%, a level of confidence that is not high enough for decision making [12] . (Table 1) Does any of this affect clinical decision making? If there is severe bone destruction, as demonstrated on radiographs, surgical intervention is often needed to remove sequestrae, as well as to remodel weight bearing and thus prevent future repeat ulceration. In such cases, MRI is not required for diagnosis. For less advanced cases, MRI may be the only imaging modality with enough sensitivity to detect change. However, in such instances, a trial of antibiotic therapy may be warranted. Although traditional wisdom has been that osteomyelitis requires surgical intervention, improvements in antibiotic therapy may have changed this. There is increased confidence in the safety of clindamycin and other potent antibiotics and greater confidence in the long-term tolerance of oral therapy. These factors have lead to an increasing number of reports of the successful treatment of osteomyelitis with oral medication [25] .
Since medical therapy for soft tissue infection commonly extends over several weeks, there is adequate time for radiographic changes of osteomyelitis to develop. If no radiographic changes are visible in the bone after 2 or 3 weeks, our experience indicates that osteomyelitis can be confidently excluded. In such instances, the MRI is unnecessary. It must be admitted, however, that we are not aware of any studies of the value of serial radiographs to diagnose osteomyelitis.
Detection of an unsuspected abscess might alter the early phases of treatment, but this is a very rare event, as the foot is easily accessible to physical examination, particularly in the setting of pain insensitivity due to severe neuropathy as noted in these patients. In addition, there is also reason to suspect that the imaging features of infection may not be useful in predicting the outcome of medical therapy. In the case of spinal infection, Zarrouk et al. showed that imaging abnormalities including edema, epidural abscess, disc abscess, and paravertebral abscess did not predict the outcome of treatment. Persistent findings did not predict an unfavorable clinical outcome and were not associated with relapses, neurological sequelae, or persistent pain [26] .
Eckman et al. [4] have used cost-effectiveness modeling techniques to support the concept that imaging other than radiography is not justified on a routine basis. Although the assumptions they used in the model have been disputed [3] , we agree with Eckman.
The diagnosis and treatment guidelines of the Infectious Diseases Society of America [27] recommend empirical treatment for 2-4 weeks. Radiographs of the foot are included in the pathway; however, if the patient is not sick enough to require hospitalization, no other imaging is recommended, even if the patient does not respond well to therapy. If the patient is very ill and requires hospitalization, then the guidelines state that advanced imaging such as CT, MRI, and bone scan should be considered, as these modalities may be helpful for surgical planning [27] .
In summary, we believe that imaging has a limited role in the management of patients with diabetic foot problems. In rare cases, it may play a role in surgical planning, but it should seldom be required for diagnosis.
